Introduction
As an important component of land ecological systems, vegetation plays a critical role in the carbon cycles between land and the atmosphere, and is always considered as sensitive to climate changes and anthropogenic activities. Under the influence of rapidly developing agriculture and China's Grain for Green Program, as a transboundary basin, the Amur River Basin (ARB) has experienced complex regional fluctuations and strong spatial heterogeneity in vegetation. However, few studies have addressed the effects of individual climatic factors or land use types on vegetation, and there were also few analyses on hydrological factors affecting vegetation variations.
In this study, the spatial-temporal variations in vegetation and their driving factors in the basin were investigated using GIMMS NDVI data over 1982-2013, and MODIS NDVI/EVI and NPP product from 2002 to 2013. Linear regression and Mann-Kendall trend test was applied to investigate the sustainability and trends of NDVI from 1982 to 2013 and analyze spatial distribution of the NDVI, EVI and NPP trends over the period 2002-2013. PLSR and RR were also used for further assessment of the impacts of individual climatic factors or changes of each land use type on vegetation based on long-term meteorological data and annual time-series of land use. In addition, using SW AT hydrological process simulation results, the relationship between vegetation and hydrological components were analyzed.
Material and methods

Study Region
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changes,
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Keywords the world. It is located in northeastern Asia, has an area of approximately 2 million km 2 and covers parts of Mongolia, Russia and China [1] . Due to data limitations, the study region ( Figure 1 ) covers 94% of the ARB with the Komsomolsk station as the outlet. 
Datasets
The vegetation datasets used in this study were the GIMMS NDVI datasets at 8-km resolution from 1982 to 2013 and MODIS NDVI/EVI product at 1-km resolution over 2002-2013. Their temporal resolution is 15-day intervals and a maximum value composite (MVC) method was applied to get the monthly NDVI/EVI data by reducing the atmospheric effects about clouds and aerosol. The averaged NDVI for growing season (from May to September) was calculated for analyses. Longterm meteorological data, annual time-series of land use, the total water storage anomalies (TWSA) derived from the GRACE data and SWAT hydrological process simulation results were also used to further analyze the driving factors of vegetation changes. The detailed information of the datasets is summarized in Table 1 . [3] https://ecocast.arc.nasa.g ov/data/pub/gimms/3g.v1/ https://lpdaac.usgs.gov/pr oducts/mod13a3v006/ NPP MODIS NPP product [4] https://lpdaac.usgs.gov/pr oducts/mod17a3v055/ GRACE GRACE Monthly Mass Grids -Land [5] https://grace.jpl.nasa.gov/ data/get-data/monthlymass-grids-land/
Methods
The Mann-Kendall trend test [6] , the sequential version of the Mann-Kendall test [7] and linear regression analysis were used to establish the time series trends for NDVI and to determine the period of abrupt climate changes. The sequential Mann-Kendall test presented in a graphical format enables the starting point detection of abrupt changes at the intersection point of the test statistic's forward k UF and backward k UB curves. A multivariate statistical analysis was applied to investigate the relationship between the changes in the land cover types/climatic factors/hydrological variables and the vegetation. Considering the high collinearity among the dependent variables (NDVI, EVI, NPP) and the independent variables (climate, land use and hydrological factors), PLSR and RR [8, 9] , which are appropriate when the variables exhibit collinearity, were applied. The hydrological process simulation of the ARB using the SWAT model was run with a monthly time step from 2002 to 2013. The model area in this study is 195.45 million km 2 , and the entire study region is divided into 134 subbasins.
Results and Discussions
The linear regression trend and sequential Mann-Kendall tests for the annual average NDVI ( Figure 2 The variation of NDVI, EVI and NPP in the basin was obviously fluctuant and had a strong spatial distribution characteristic ( Figure 2) . NDVI values had a significant increasing trend in the south-western part of the basin and a decreasing trend in the eastern part. Compared with NDVI, EVI values showed a general increasing trend in the most area of the basin. In addition, the areas where the NPP value showed an upward trend were concentrated in the middle of the basin. Based on the long-term NDVI, EVI and NPP spatial data, the vegetation index values of different sub-basins were used to analyze the driving factors of vegetation changes at the subbasin level through PLSR and RR. The subbasins whose with areas were greater than 40,000 km 2 were considered. Precipitation (Pcp), daily maximum, average and minimum temperature (Tmax, Tavg and Tmin) across the basin were applied to analyze the impacts of individual climatic factors on vegetation. And using the area changes of land use types in different sub-basins, the area change effects of the land use types, for example, forest (F), pasture (P), wetland (W), crop (C), residential (R), water (Wa), range (Ra), were assessed.
A PLSR model summary is provided in Table 2 . The results indicated that the PLSR models constructed for land use changes and vegetation variations in the ARB were strong, where R 2 was greater than 0.9.In contrast, the PLSR models based on hydrological or climatic element data were weaker. The RR model results showed similar conclusions, which may indicate that the impacts of land use on vegetation were more direct. As shown in Table 3 , the importance of the independent variables in each the model projection (VIP) values illustrated that forest, pasture and range showed had stronger correlations with vegetation changes. The ridge traces of the RR models demonstrated that the coefficients of the equations tended to be stable when the parameter k was greater than approximately 0.01. And the equation variables (Table 4 , 5, 7) showed that the same impact directions and importance of the changes in the factors were found in both models. Pasture and range negatively influenced NDVI, EVI and NPP, while forests positively affected these, as indicated by the regression coefficients. In addition, the large-scale increase in crop after 2000 may lead have led to an increase in NDVI/EVI/NPP, which may be relative to the increasing trend of NDVI. In the hydrological component PLSR analysis (Table  5) , the most significant predictor which that explained the NDVI, EVI and NPP quantities was surface flow (SurQ). The positive correlation between SurQ and vegetation was found in both PLSR and RR models. Meanwhile, the RR model established by NPP and hydrological components was more stable than NDVI and EVI, which may mean that the association between NPP and hydrological components was more direct. The VIP values in Table 8 illustrated that compared to the temperature factors, the precipitation factor showed a stronger correlation with the vegetation. Among the temperature factors, Tmax was the major contributors to the variations in the vegetation, which had a negative correlation with NDVI, EVI and NPP. In contrast, the correlation between vegetation and Pcp was positive, and the increase in annual precipitation may be one of the drivers of the upward trend in NDVI. 
Conclusions
This study analyzed the temporal NDVI variations in the ARB from 1982 to 2013, the spatial trends in NDVI, EVI and NPP over 2002-2013, and their response to climatic factors, land use changes, and hydrological components.
The Mann-Kendall test show a slight increase in NDVI during the 1982-2013 period and abrupt changes around 2002 and 2010. Based on the PLSR and RR analyses, the forest, pasture and range had greater impacts on vegetation than the other land use types, and the large-scale increase in crop after 2000 may be relative to the increasing trend of NDVI. In the hydrological component RR and PLSR analysis, the most significant predictor explained the NDVI, EVI and NPP quantities was SurQ, which had a positive correlation with vegetation. Among the climatic factors, Pcp was the major contributors to the variations in the vegetation and the increase in annual precipitation may be one of the drivers of the upward trend in NDVI. Compared with Tavg and Tmin, Tmax showed a stronger correlation with the vegetation. The summary of these PLSR and RR model results also indicated that the impacts of land use on vegetation changes were more direct in comparison with climate and hydrological factors.
